







The thesis entitled “Studies Towards the total synthesis of (-)-Hennoxazole A, Passifloricin A, (+)-Cryptocarya Diacetate, and Davanones” has been divided into three chapters.1

Chapter I: 	Towards the total synthesis of (-)-Hennoxazole A.
Section A:     This section deals with the introduction and previous approaches of the (-)-Hennoxazole A.
Section B: 	This section deals with the present work of the (-)-Hennoxazole A.

Chapter II: 	Total synthesis of Passifloricin A and (+)-Cryptocarya Diacetate.
Section A : 	This section describes the introduction, previous approaches and present work of the Passifloricin A.
Section B : 	This section describes the introduction, previous approaches and present   work of the (+)-Cryptocarya Diacetate.

Chapter III: This chapter narrates the introduction, previous approaches and present  













CHAPTER I: Towards the total synthesis of (-)-Hennoxazole A.





   
The structural diversity coupled with the high biological activity has intrigued the chemists all over the world in studying the possible synthetic routes for the total synthesis. This section deals with the brief account of the work carried out by the various research groups reported towards the total synthesis of hennoxazole A.
SECTION B: 


















Retrosynthesis:                                Scheme 1














Scheme 2. Reagents and conditions: a) (p-methoxy) benzyl 2,2,2-tri chloro acetamidate, TSOH, CH2Cl2, 0 oC, 95%; b) Dibal-H, CH2Cl2, -78 oC, 92%; c) A, CH2Cl2, reflux, 85%, (over 2 steps); d) Dibal H, CH2Cl2, -15 oC, 90%; e) NCS, Me2S, CH2Cl2, 0 oC, 86%; f) LAH, THF, 0 oC, 96%; g) i. IBX, DMSO, CH2Cl2, 0 oC, ii. Ph3PCH3Br, THF, n-BuLi, -78 oC, 75% (Over 2 steps).








Scheme 3. Reagents and conditions: a) HOBT, EDCI, Hunig’s base, CH2Cl2, 0 oC, 92%; b) DAST, BrCCl3, DBU, CH2Cl2, -78 to 0 oC, 80%.  






































Scheme 6. Reagents and conditions: a) TBDMSCl, imidazole, CH2Cl2, 0 oC;  b) Grubbs’ 2nd generation catalyst, CH2Cl2, Reflux, 84%; c) TBAF, THF, 0 oC, 91%; d) i. So3-Py, Et3N, DMSO, CH2Cl2, 0 oC, ii. B, KHMDS, DME, -78 oC, 72% (over 2 steps); e) LiOH, THF, H2O, 0 oC, 94%.

the construction of the C11-C25 triene oxazole fragment 3. The spectral and analytical data of 3 matches with the reported data. 2b




Scheme 7. Reagents and conditions: a) (R,R) Co-(salen), AcOH, H2O, THF, 0 oC,22h, 45%; b) VinylMgBr, CuCN, -78 oC-40 oC, 4h, 92%; c) Li, Liq.NH3, THF, -30 oC, 20 min, 75%.    







Scheme 8. Reagents and conditions: a) NaH, BnBr, DMF, 80%;b) PPC, CH2Cl2, 0 oC,88%. 






Scheme 9. Reagents and conditions: a) 31, TFA, CH2Cl2, 0 oC; b) K2CO3, MeOH, rt, 0.5 h, 52% (over 2 steps).    

The primary hydroxyl group in compound 12 was selectively tosylated to give primary tosylate 32, which was further converted into iodide 33 by treating with NaI in refluxing acetone (Scheme 10). The compound 33 on reductive ring opening with Zn in ethanol gave 1,3-anti diol 34 in 93% yield. The 1,3-diol compound 34 was protected as an acetonide to give 11 and the terminal olefin was converted into the methyl ketone 35 by Wacker oxidation.11










Scheme 10. reagents and conditions: a) Et3N, TsCl, CH2Cl2, 0 oC-rt, 3 h, 95%; b) NaI, Acetone, reflux, 24 h, 94%, c) Unactivated Zn, EtOH, reflux, 1h, 93%; d) 2,2-DMP, PTSA, DMSO, 2 h, 98%, e) PdCl2, Cu(OAc)2. H2O, O2, DMF:H2O (7:1) rt, 20 h, 77%; f) i. CeCl37H2O, CH3CN-H2O, rt, 2 h; ii. MeOH, PPTs, 0.5 h, 82%.













Scheme 11. Reagents and conditions:  a) TIPSOTf, 2,6-Lutidine, 92%; b) Li, liq.NH3, THF, 80%; c) i. TPAP, NMO, DMSO, rt., ii.  PPh3CHCO2Et, C6H6, 81%; d) AD mix β , tBuOH, H2O, 0 oC, 48h, 88%; e) TEA, TsCl, CH2Cl2, 0 oC- rt, 3h, 77%; f) TBAA, THF-DMF, Reflux, 86%; g) Ag2O, MeI, CH3CN, 0 oC, 68%. 

Sharpless asymmetric dihydroxylation of 38 with Admix-β afforded diol 39 (Scheme 11). Regioselective monotosylation12 of diol 39 at the α–position to the ester with p-TsCl resulted in the tosylate 40 in 77% yield. The displacement of tosyl group with n-Bu4NN3 in THF/DMF provided the azide 9 in 86% yield. O-Methylation13 of secondary hydroxyl group in 9 using MeI in the presence of Ag2O in CH3CN afforded 41 in 68% yield. Reduction of the azide and ester group completes the formation of the required C1-C10 tetrahydropyran segment 2. Unfortunately, all attempts to reduce two functional groups with various reducing agents such as LAH, Dibal-H, BH3.DMS failed to give the required product, instead decomposition of the starting material was observed.
In summary, we have developed a convergent strategy for the synthesis of C1-C10 and C11-C25 segments of hennoxazole A. Prins cyclization, cross metathesis and Julia olefinataion reactions are used as key steps along with the utilization of lactone phosphorane in generation of non-conjugated diene.  

CHAPTER II: Total synthesis of passifloricin A.

























Scheme 12. Retrosynthetic analysis for passifloricin A 42


Compound I in turn could be obtained from tetrahydropyranol 44, prepared by a Prins cyclisation reaction whereas the chiral allylic acetate II could be obtained from readily available aldehyde 45.














Scheme 13.  Reagents and conditions: a) i) 3-benzyloxypropanal, TFA, CH2Cl2, 3 h; ii) K2CO3, MeOH, rt, 0.5 h, 56% (over 2 steps); b) i. TBDMS-Cl, imidazole, dry CH2Cl2, 2 h, 92%; c) p​-NO2CH2COOH, DEAD, Ph3P, Toluene, 0 oC-rt, 30 min, then K2CO3, MeOH, rt, 4 h, 75%; d) MOM-Cl, Hunig’s base, 0 oC, 92%; e) TBAF, dry THF, rt, 8h, 93%; f) Ph3P, imidazole, iodine, CH3CN-Et2O, 0 oC, 2 h, 88%; g) i. NaH, DMF,  r.t., 6 h; ii. silica gel rearrangement, 80%; (h) i. O3, Ph3P, CH3CN-Et2O, ii. Ph3P=CH2, n-BuLi, THF, –78 to 0 °C, 71%; (i) i. K2CO3, MeOH, r.t., 2 h, 95%; j) TFA–CH2Cl2 (1:4), 25 °C, 2 h, 88%; k) 2,2-DMP, PPTS, CH2Cl2 , 2 h, 95%.












Scheme 14. Reagents and conditions: a) Ph3P=CHCOOEt, benzene, rt, 1 h, 95%; b) Dibal-H, CH2Cl2, -15 oC– rt, 2 h, 92%; c) 4 Å MS, Ti(OiPr)4, (+)-DET, tBuOOH, CH2Cl2, -20 ºC, 10 h, 92%; d) Ph3P, Imidazole, Iodine, CH3CN-Et2O, 0 oC, 1.5 h, 90%; e) i. Zn/EtOH, reflux, 2 h, 95%; f) Ac2O, Et3N, DMAP, CH2Cl2, 0 oC-rt, 96%.

The epoxidation on allylic alcohol was  achieved under Sharpless conditions using (+)-DET to give chiral epoxy alcohol 59, which was converted to the corresponding epoxy iodide 60 using I2, TPP, imidazole in CH3CN-Et2O in isolated 90% yield. The iodo compound on refluxing in EtOH with zinc yielded the allylic alcohol 61, from which the corresponding allylic acetate II was prepared by treatment with Ac2O in presence of Et3N and DMAP to facilitate cross-metathesis reaction as shown in Scheme 14. After several trial reactions on cross-metathesis reaction between two fragments with different protecting groups we succeeded in getting high yields using allylic alcohol derivatives I and II as shown in Scheme 15. 


















Scheme 15. Reagents and conditions: a) 4 mol% Grubbs II catalyst, CH2Cl2, 40 °C, 10 h, 78%; b)  K2CO3, MeOH, r.t., 1 h, 95%; c) TBDPS-Cl, imidazole, dry CH2Cl2, 4h, 90%; d) Pd/C, H2, EtOAc, rt, 95%; e) i. Dess–Martin Periodinane, CH2Cl2, rt, 1 h; ii. allyl bromide, Zn, THF, 0 ºC – rt, 4 h, 88%; iii. Dess–Martin Periodinane, CH2Cl2, rt, 1.5 h, 85%; f) LiAlH4, LiI (1:1), Et2O, -100 0C-0 oC, 1 h, 86%; g) acryloyl chloride, Et3N, CH2Cl2, 0 ºC - rt, 1 h, 92%; h) Grubbs II catalyst, CH2Cl2, reflux, 40 °C, 3 h, 75%; i) HCl (5N), THF, rt, 8 h, 92%.

Oxidation of the resulting alcohol 65 with Dess-Martin periodinane in CH2Cl2 afforded the aldehyde, which on further treatment with allyl bromide and zinc in THF gave carbinol as a diastereomeric mixture which without characterization subjected to oxidation to give ketone 66, which was further subjected to a syn-stereoselective 1,3-asymmetric reduction using LiAlH4-LiI15 in ether at -100 oC to provide the desired homoallylic alcohol 67 in 86% yield (syn:anti = 95:5). The homoallylic alcohol 67 was esterified with acryloyl chloride to provide the diene 43. The RCM reaction in refluxing CH2Cl2 using Grubbs’ 2nd generation catalyst furnished the lactone 68, which on treatment with 5 N HCl in THF yielded the target molecule, passifloricin A 42 in 92% yield. The spectral data and optical rotation values are in agreement with those reported for the natural product.




SECTION B: Introduction: Total synthesis of (+)-Cryptocarya Diacetate. 



















Scheme 16.  Retrosynthetic plan
















Scheme 17. reagents and conditions: a) Vinyl MgBr, CuCN, -78 oC- 40 oC, 4 h, 92%; b) Li, Liq. NH3, THF, -30 oC, 20 min, 75%; c) 3-(benzyloxy)propanal, TFA, CH2Cl2, K2CO3, MeOH, rt, 0.5 h, 65%; d) Et3N, TsCl, CH2Cl2, 0 oC-rt, 3 h, 95%; e) t-BuMe2SiCl, Imidazole, DMAP (cat.), CH2Cl2, rt, 92%; f) NaI, acetone, reflux, 24 h, 95%; g) Unactivated Zn, EtOH, reflux, 1h, 93%; h) p​-NO2CH2COOH, DEAD, Ph3P, THF, 0 oC-rt, 30 min, then K2CO3, MeOH, rt, 4 h 72%; i) TBAF, THF, 0 oC-rt, 4 h, 90%; j)acetonedimethylacetal, TsOH, DMSO, 2 h, 94%; k) PdCl2, Cu(OAc)2. H2O, O2, DMF:H2O (7:1) rt, 3-4 h, 77%; l) LiAlH4, LiI (1:1), Et2O  -100 oC-rt, 1 h, 84%; m) Ac2O, pyridine, DMAP (cat.), CH2Cl2, rt, 94%; n) Pd/C, H2, EtOAc, rt, 95%; o)i. Dessmartin periodonane, DCM, 0 oC; ii. (CF3CH2O)2 P(O)CH2COOCH3, NaH, THF, -80 oC, 0.5 h, 78%; p) (i) 0.1N HCl,  MeOH, 86% (ii) ZnCl2, THF, , 80% (iii) Ac2O, pyridine, CH2Cl2, DMAP (cat.), rt, 85% over three steps.

Prins cyclisation of 28 with 3-(benzyloxy)propanal in the presence of TFA followed by hydrolysis of the resulting trifluoroacetate yielded the desired trisubstituted pyran 12. Tosylation of 12 with 1.1 eq of tosyl chloride in the presence of Et3N in CH2Cl2 produced primary tosylate 32 in 95% yield. Silyl protection of 2o alcohol with t-BuMe2SiCl and imidazole in presence of catalytic amount of DMAP afforded the compound 73 in 92% yield. Compound 73 on exposure to NaI in refluxing acetone converted into the corresponding iodide 74 in 24 hr. The iodo compound 74 on exposure to unactivated Zn in refluxing EtOH furnished open chain key intermediate 72 with the anti 1,3-diol system. To get the 1,3-diol with required syn configuration, the hydroxyl group of 72 needs to be inverted. This reaction was performed by exposure of 72 to standard Mitsunobu conditions12 (DEAD, TPP and 4-nitro benzoic acid in dry THF followed by hydrolysis of the resultant ester with K2CO3 in MeOH) to procure the inverted alcohol 75 in 72% yield. Desilylation of 75 with TBAF gave 1,3 diol which was converted to acetonide 76 under conventional reaction conditions using 2,2-DMP in DMSO catalyzed by TsOH. The syn diol 76 was further confirmed13 by 13C NMR spectroscopy in accordance with the Recknovsky anology. The Compound 76 was transformed into the methyl ketone 71 under modified Wacker oxidation14 conditions using 0.1 eq of PdCl2, 0.2 of eq Cu(OAc)2.H2O in AcNMe2:H2O (7:1) in 77% yield. Keto compound 71 was subjected to syn-stereoselective reduction using 3 eq of LiAlH4, 3 eq of LiI9a in ether at -100 0C to provide the desired syn compound 77 in 84% yield (syn:anti selectivity 95:5). The secondary hydroxyl group was acetylated (Ac2O/ pyridine/CH2Cl2/rt), followed by the removal of benzyl protecting group (Pd-C/H2/EtOAc/rt) to get alcohol 70 in 95% yield. The alcohol 70 was then oxidized to the corresponding aldehyde in 88% using Dess–Martin periodinane in CH2Cl2. For the synthesis of the δ-lactone, the connecting moiety was a two-carbon unit with (Z)-configuration. This was achieved by a modified Wadsworth-Emmons reaction using methyl-(bistrifluoroethyl)-phosphonoacetate in the presence of NaH in THF to obtain exclusively the unsaturated (Z)-configurated ester 79. After hydrolyzing the acetonide with dilute acid, the lactonization of the hydroxy ester was achieved by treating with ZnCl2 in THF at reflux to give a hydroxylactone. Finally the hydroxyl group was acetylated using Ac2O/Pyridine/CH2Cl2/rt to provide the target molecule 69.
In conclusion, Prins cyclisation and LiI assested syn induction reactions were used for installing the chiral centers of the 1,3-polyol system of (+)-cryptocarya diacetate to accomplish its stereoselective synthesis.

CHAPTER III: Total Synthesis of (+)-Davanone, (+)-Nordavanone and  (+)-Davana Acid.

The novel sesquiterpenoids1 such as davana acid 80, nordavanone 81, and davanone 82 isolated from davana oil of Artemisia pallens, a plant grown in south India. Davanone 82 was also found in another plant Tanacetum Vulgare.2 The structures of these compounds were assigned on the basis of spectroscopic and degradative evidence.1c,3 In view of the importance of davana oil in the perfume industry, A. pallens is under commercial cultivation in India. The European countries, USA and Japan have shown tremendous interest in the oil, mainly for use in the flavouring of cakes, tobacco and in some costly beverages.4 Therefore, the interest has aroused in the chemical composition of the davana oil of Artemisia pallens and has been investigated by a number of research groups.5    






















A retrosynthesis is depicted in Scheme 18. Compounds 80, 81 and 82 could be obtained from a key intermediate 83, which in turn could be realized from the aldehyde 84 by Evans syn aldol and cyclic ether formation. Aldehyde 84 could be made from (-)-linalool 85. The synthesis began with the commercially available (-)-linalool 85. Accordingly, (-)-linalool 85 was converted to its MOM ether 86 using MOM-Cl, and Hunig’s base in DCM (Scheme 19). Next, a two step sequence, comprising chemoselective dihydroxylation of the more electron rich C-C double bond (OsO4, K3Fe(CN)6, K2CO3, MeSO2NH2, t BuOH, H2O) in compound 86 and vicinal diol cleavage (NaIO4, H2O, Me2CO) furnished the required aldehyde 84 in good yield.
















Scheme 19. Reagents and conditions: a) Hunig’s base, MOM-Cl, CH2Cl2, 0 oC- r. t., 1h, 88%; b) OsO4, K3Fe(CN)6, K2CO3, MeSO2NH2, t BuOH, H2O; c) NaIO4, H2O, Me2CO, 80% (over 2 steps); d) Bu2OTf, Et3N, CH2Cl2, -78 oC, 87%; e) MsCl, Et3N, 0 oC, 0.5h, 96%; f) HCl, THF, r. t., 1h, 90%; g) 2,6-Lutidine, 120 oC, 1h, 93%; h) H2O2, LiOH, H2O-THF, 82%; i) Dibal-H, CH2Cl2, -78 oC, 88%;  j) MeMgI, Et2O, 0 oC, 85%. l) C5H9ZnBr, HMPA, THF, reflux, 78%; k) IBX, DMSO, CH2Cl2, 2h, 0 oC- r. t.

Hydrolysis of 83 with LiOH, H2O2 in THF-H2O (1:1) afforded, after an acidic workup, the target davana acid 80 in 82% yield. However, cleavage of oxazolidinone in 83 using DIBAL-H provided aldehyde 91 in 88% yield, which was used immediately for the next reaction. The Grignard reaction of aldehyde 91 with methylmagnesium iodide provided a secondary alcohol 92 as a diastereomeric mixture in a ratio of 1:1, which without further characterization used for the next step. Oxidation of alcohol 92 using IBX in DMSO provided (+)-nordavanone 81 in 82% yield. Whereas, prenylation13 of aldehyde 91 with prenylzinc bromide in the presence of HMPA in THF furnished secondary alcohol 93 as a diastereomer (1:1) mixture in 78% yield. The alcohol 93 was oxidized using IBX to yield (+)-davanone 82 in 80% yield. The synthetic material proved to be identical with the reported .10
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